INTRODUCTION
Breast cancer has been increased during last 10 yrs in those nations with low incidence rates, such as Asian countries, especially in Korea. Breast cancer is among the second most prevalent type of cancer in Korean women. And interestingly, the age group of the highest breast cancer incidence rate in Korean women was from 45 to 55 yrs of age (1) .
Study on geographic differences in breast cancer incidence and mortality has emphasized the role of environmental factors, particularly dietary factor. Animal experiments suggest that total fat consumption promotes mammary tumorigenesis (2) . The role of diet in etiology of breast cancer has been extensively evaluated, however, the evidence from epidemiologic studies is conflicting. A large scale of epidemiologic studies have been reported the association between fat intake and breast cancer risk (3) (4) (5) .
In a prospective cohort study (6) , there was no association between fat intake during adulthood and breast cancer in postmenopausal women, whereas in one recent cohort study (7) indicated a significant positive association between total fat and risk of breast cancer. Interestingly, there is evidence that dietary fat may be a stronger risk factor for breast cancer for postmenopausal women than for premenopausal women (3) . The possible protective effect of various dietary factors against breast cancer risk received more attention, in particular antioxidant vitamin intake, such as vitamin A, C and E. It has been suggested that these vitamins may help prevent the development of breast cancer. Fruits and vegetables, which contain a variety of vitamin and other antioxidant, are also generally believed to reduce breast cancer (8, 9) . Several cohort studies (9, 10) have reported the association between the intake of antioxidant vitamin and the risk of breast cancer, whereas other studies (11) (12) (13) , showed no association between vitamin intake and breast cancer risk, and therefore the results have been controversial. However, epidemiological study on association of dietary factors such as fat and vitamin intake and breast cancer risk were usually limited to European, western nations, and oriental nations population of Japanese (14) and Chinese (15) (16) (17) .
Intake of Dietary Fat and Vitamin in Relation to Breast Cancer Risk in Korean Women
: A Case-Control Study
To investigate association between breast cancer risk and nutrients intake in Korean women, a case-control study was carried out, at Seoul, Korea. Incident cases (n=224) were identified through the cancer biopsy between February 1999 and December 2000 at two University hospitals in Seoul. Hospital-based controls (n=250) were selected from patients in the same hospitals, during the same periods. Food intake was investigated semiquantitative frequency questionnaire (98 items) by trained dietitian. Subjects were asked to indicate the average food intake and vitamin supplement for a 12 months period of 3-yr prior to the baseline phase. In investigation of vitamin supplement use, subjects were asked the average frequency of use, duration, dose and the brand name of vitamin supplement (multivitamins, vitamin A, vitamin C and vitamin E). And nutrients were calorie adjusted by the residuals method. In this study, higher breast cancer risk incidence was not observed with higher intake of total fat and saturated fatty acids, however statistically significant trends with breast cancer incidence for total saturated fatty acids were found (ptrend=0.0458). In analyses of vitamins, -carotene and vitamin C were significantly associated with decreasing risk of breast cancer. In analyses, results from dietary plus supplement of vitamin was not associated with breast cancer risk in this study. In conclusion, our findings suggest that antioxidant vitamins such as -carotene and vitamin C intake could lower the breast cancer risk in Korean women.
Therefore, we have examined the association of intake of fat and vitamin and breast cancer risk in Korean women by case-control study.
MATERIALS AND METHODS
Case and control subjects were collected from Hanyang University Hospital and Soonchunhyung University Hospital in Seoul, Korea. Breast cancer cases included in this study were enrolled only women for whom histologically newly confirmed diagnosis of cancer, and cancer stage were restricted to stage 3. The reason for cancer stage restriction to stage 3 is that it seemed that stage 4 patients have changed their usual diet because of the disease condition. To minimize information bias, all cases were interviewed after biopsy prior to histologic diagnosis in a status not to recognize about their own disease exactly. Their ages were restricted to between 20-69 yr. From February 1999 to December 2000, a total of 272 patients were identified and of those, 15 (5.5%) rejected the interview, 11 (4.0%) left out by age-matching, 10 (3.7%) ruled out in analysis because of surrogate interview, 12 (4.4%) was over 70s and ruled out in final analysis. Finally, 224 (82.4%) were eventually included in this analysis. All patients were interviewed immediately after admission prior to know the result about their disease exactly. Hospital-based controls were collected using frequency matching method from the patients at the Department of Plastic Surgery, General Surgery, and Opthalmology at the same hospital during the same periods. Frequency matching variables were age (±4 yrs), sex and menopausal status. We used outpatients as well as in patients as controls. Some inpatients with a disease associate with breast cancer were excluded.
Among total of 299 controls, 20 (6.7%) had diabetes mellitus, 15 (5.0%) had hypertension, and 14 (4.7%) had other disease conditions such as cataract, tuberculosis, and thyroids disorder, which believed that might associate with breast cancer. Finally therefore, only 250 (83.6%) controls were included in this study. All cases and controls were interviewed in the hospital by trained dietician. The questionnaire was included of general information (age, sex, marital status, education level, occupation and income), family history of breast cancer, age at menarche, menstrual periods, pregnancy history, menopausal status, and breast feeding. We also investigated alcohol consumption, cigarette smoking, physical exercise, and nutrient supplement such as vitamin supplements and calcium supplements. A section of vitamin supplements use included questions about the use of vitamin supplements (multivitamins, vitamin A, vitamin C, and vitamin E). Subjects were asked the average frequency of use, duration, dose and the brand name of vitamin supplement, in a 12 months period of 3 yrs prior to the baseline phase. Irregular vitamin users (reported "very occasionally use" or use <5 times per month) were excluded in final analysis.
Menopause was defined as not experience a menstrual period during previous 6 months and menopause status only restricted to the natural menopause. Artificial menopause (ex: ovariectomy, hysterectomy) were excluded in analysis. Subjects were asked regarding the total duration of breast feeding for each full term live birth and also were questioned regarding use of oral contraceptives and replacement hormone therapy after menopause. Information about diet was collected using semiquantitative frequency questionnaire with 98 food items. Trained dietitian were interviewed the average frequency of consumption and portion size of each food for a 12 months period of 3 yr prior to the baseline phase. The quantitative food frequency of 98 items used in our study was developed by revising from the semiquantitative food frequency questionnaire of 84 items used in a large prospective study (the Korean Cancer Research Survey), which was developed to consider commonly consumed food items based nationwide data on food consumption in Korea (18) . Purpose of our study was on the association of breast cancer with nutrients intake in Korea, some of food items which are seemed to be interested in breast cancer was added to nationwide food consumption data. A validity and reproducibility of this semiquantitative food frequency questionnaire were not carried out yet, however, Kim et al. (19) conducted study of validity and reliability of initial 84 food items based on our questionnaire. They evaluated the validity and reproducibility of this semiquantitative food frequency questionnaire (84 food items) by administering it twice at an intervals of 3 months. The Pearson's correlation coefficients after energy adjusted between 1st questionnaire versus 24 hr recalls and 2nd questionnaire versus 24 hr recalls were as follows, respectively: total fat r=0.19, 0.14, (1st vs. 24 hr recall, 2nd vs. 24 hr recall) vitamin A r= 0.44, 0.35, (1st vs. 24 hr recall, 2nd vs. 24 hr recall) and vitamin C r=0.17, 0.28, (1st vs. 24 hr recall, 2nd vs. 24 hr recall).
Information on portion size was collected through openended questions about the intake amount according to the defined unit (200 mL cup, bowl, etc). To help recall of food intake, the interviewers complied by significant personal events (example, holidays, vacation, individual special event etc.).
Our main goal was to investigate effect of fat and vitamin intake against breast cancer and thus we analyzed following nutrients: total energy, total fat, total fatty acids, cholesterol, vitamin A (retinol, -carotene), vitamin C, vitamin E, thiamin and riboflavin. In vitamin analyses, we evaluated risk associated with vitamin consumption from diet and diet plus supplementation, respectively. All nutrients were transformed by loge to improve normality.
We adjusted nutrients values for total energy intake, since most nutrients are positively correlated with total energy intake, calorie adjustment was needed. Therefore, fat and vitamin intake were adjusted for total caloric intake by using the residuals method recommended by Willett (20) . Amount of fat and vitamin intake was divided into 3 groups (<25, 25-75, >75 percentiles) according to the intake of control group, and in each category of fat and vitamin intake was compared with that in the lowest intake category (reference group).
All data were analyzed through unconditional logistic regression using the SPSS (version 10.0) statistical package, and tests for trend after adjustment for confounding factors were also obtained by unconditional logistic regression analysis and employed the median value for each category. Statistical analyses were done after adjusted for age and other confounding factors. The confounding factors for breast cancer in this study were as follows: age at menarche, family history of breast cancer, pregnancy, total number of full term delivery, total periods of breast feeding and current body mass index (BMI). For all relative risk, age-adjusted odds ratios (OR) and 95% confidence intervals (CIs) were calculated. Table 1 shows general characteristics of breast cancer cases and controls by age and marital status. Total number of case was 224, and the age group showing a high breast cancer incidence rate was from 40 to 59 yr of age. Table 2 presents odds ratios (OR) of breast cancer in relation to confounding factors in Korean women. In this study subjects, age at menarche for ≥17 yr was significantly related to the decreased risk of breast cancer (OR=0.56, CI=0.43-0.90). In analyses for association between breast cancer risk and menstrual history, total menstrual periods more than 36 yr was significantly related to the increased risk of breast cancer (OR=1.93, CI=1.24-2.76). Pregnancy experience and breast feeding experience for total 13-35 months showed the lowest risk of breast cancer (pregnancy, OR=0.54, 95% CI=0.33-0.81 and total periods of breast feeding, OR=0.49, 95% CI=0.24-0.86). In our data, family history of breast cancer was observed as a risk factor for breast cancer (OR=1.90, 95% CI=1.80-2.91). High current BMI (≥30) also appeared to be a risk factor for breast cancer (OR=1.67, 95% CI=1.13-2.08). Table 3 presents adjusted odds ratios (OR) of breast cancer in relation to total energy, fat and fatty acids in Korean women. In these adjusted analyses, total fat intake was not significantly associated with the risk of breast cancer. Higher breast cancer incidence was not observed with higher intake of saturated fatty acids however statistically significant trends with breast cancer incidence were found for total saturated fatty Table 2 . Odds ratios (OR) of breast cancer in relation to confounding factors in Korean women 1) Odds ratio in total women adjusted for age.
RESULTS
2)
This category included only women ever pregnant. 3) This category included only the firstdegree relatives (parents and siblings). *p<0.05.
acid (ptrend=0.0458). Total dietary cholesterol was weakly, but not significantly, associated with risk of breast cancer. We evaluated risk associated with dietary sources of vitamin (Table 4 ) and observed no association for the risk of breast cancer and intake of vitamin A, retinol, thiamin, riboflavin, vitamin E. As shown in Table 4 , higher intake of -carotene were significantly decreased breast cancer risk (OR=0.42, 95% CI=0.25-0.89). Higher consumption of vitamin C showed the protective effect on the breast cancer (OR=0.37, 95% CI= 0.19-0.84), and the tests for trend for vitamin C were also significant (ptrend=0.0390). In Table 5 , OR of breast cancer according to the intake of vitamins from dietary sources and supplemental sources are presented. Statistically significant association between breast cancer risk and consumption of thiamin, riboflavin, vitamin C and vitamin E were not observed. Table 6 presents major sources of vitamins in the diet of cases and controls in this study population. Soybean paste stew were the first ranked in major sources of -carotene, and Kimchi (Korean cabbage) were the first ranked in major sources of vitamin C in this study population. Major sources of vitamin E in study subjects were citrus fruit among both of cases and controls.
DISCUSSION
The role of dietary factors, especially fat consumption, in the etiology of breast cancer has been extensively evaluated for many years. Case-control studies (21, 22) generally support an positive association with fat consumption and breast cancer, while some cohort studies (4, 23) have shown no association between breast cancer and fat consumption. However, the intake of total fat and certain fatty acid has been shown to be positively associated with breast cancer in recent cohort study (24) , and therefore the association between fat intake and breast cancer risk are still considerable debate. In present case-control study, we found no association between total fat and breast cancer risk in Korean women. Recently some epi- Table 3 . Odds ratios (OR) of breast cancer according to the intake of total energy, fat and fatty acid in Korean women 1) OR adjusted for age at menarche, total menstrual periods (years), pregnancy, total number of full term delivery, total periods of breast feeding (total months), family history of breast cancer and current BMI (body mass index). 2) OR for total energy intake according to methods described by Willett Table 4 . Odds ratios (OR) of breast cancer according to the intake of vitamins from dietary sources 1) OR adjusted for age at menarche, total menstrual periods (years), pregnancy, total number of full term delivery, total periods of breast feeding (total months), family history of breast cancer and current BMI (body mass index). 2) RE: retinol equivalent. *p<0.05.
Nutrients
Cases Controls (Daily intake) (n=224) (n=250) demiologic studies focused on the relation between a specific fat subtype such as fatty acid including linoleic acid and breast cancer. Our result of no association between fatty acid and breast cancer risk in this study population is also generally consistent with other epidemiologic studies (7, 25, 26) . No association was observed between intake of saturated fatty acid and breast cancer incidence in recent cohort study (4, 6, 25, 26) , however, one recent cohort study (27) reported that statistically significant positive association between saturated fatty acid and breast cancer. In our study, it should be noted that fat intake of the subjects ranged from 11.2-27.9% of total energy, and subjects' mean intake was 17.9% (39.8 g per day) of total energy intake. Total saturated fatty acid consumption was 6.8% (15.1 g per day) and unsaturated fatty acid consumption was 11.1% (24.7 g per day) of total energy intake in this study subjects. And which is the much smaller quantity than study population of other nation, especially European and western countries. In recent study carried out in the United State (6), means of daily intake of total fat was 35.0% of total energy, saturated fat intake was 11.5% of total energy, and unsaturated fat intake was 23.5% of total energy, and which is almost two times higher than those of our study population. In addition to a narrow range of fat intake and low amount of fat consumption, the relatively homogeneous fat intake in this study subjects may contribute to the inability to detect a strong association of fat intake and breast cancer risk in the present study. The main sources of fat in this study population were meat (26.4%), vegetable oil (19.8%), grain products (17.2%), fish (10.3%), eggs (6.7%) and milk (4.1%). We also examined the association between each vitamin intake and breast cancer risk. Inverse associations with high intake of -carotene and vitamin C were observed in our study. A number of epidemiologic studies have considered the association between dietary antioxidant vitamins and breast cancer. However, the results of studies were controversial until now. Levi et al. (30) reported significant inverse associations between total carotenoids, lycopene, vitamin C and vitamin E and breast cancer risk.
About survival rate of breast cancer, one study (31) reported that women with greater intake of vitamin C was at lower risk of dying from their cancer. In present study, we also obtained an evidence that high intake of -carotene decreased the risk of breast cancer among Korean women. Consistent with our results, high intake of antioxidant vitamin, especially -carotene, were associated with decreased risk of breast cancer among premenopausal women in other epidemiologic study (32) . For retinol, as similar to our study, no significant inverse association with breast cancer risk were observed in most epidimiologic study (33, 34) . However, in most animal studies (35, 36) , retinoids inhibit the progression phase of mammary carcinogenesis. The most promising retinoids Table 5 . Odds ratio (OR) of breast cancer according to the intake of vitamins from dietary sources and vitamin supplement 1) OR adjusted for age at menarche, total menstrual periods (years), pregnancy, total number of full term delivery, total periods of breast feeding (total months), family history of breast cancer and current BMI (body mass index). *p<0.05.
Cases Controls (Daily intake) (n=224) (n=250) (37) reported that beta-carotene inhibited DMBA-induced transformation of the mammary glands in vitro, acting both at the initiation and the promotional stages. Vitamin C, -carotene and vitamin E have antioxidant activity and thus is thought to provide a cellular defense against reactive oxygen species that damage DNA (38) .
Significant negative association between vitamin C intake and breast cancer risk were disappeared when we analyzed vitamin C intake from dietary sources plus supplemental sources.
In one case-control study (39) , breast cancer risk was not associated with antioxidant vitamin intake, from dietary and/ or supplemental sources. The Iowa Women's Health Study (40) provided no evidence that higher vitamin C consumption both from supplement and from food sources is associated with breast cancer. Recently, it was reported that dietary supplementation of 500 mg per day of vitamin C to healthy volunteers for 6 weeks results in a significant prooxidant effects (41) . Considering uncertainty about the optimum level of vitamin intake, we suggest that vitamin C consumption from dietary sources may be better than that of supplementation to prevent cancer and other disease.
In hospital-based case-control studies, the bias cannot be totally excluded, and there are also several limitations to our study. The potential problem comes from the disease condition for which the controls were hospitalized. However, the hospital was considered as a proper matching factor because that most of the cases and controls in this study are residing in the area near the hospital where present study was performed. One limitation of this study is that we used outpatients as well as inpatients as controls. We selected controls from outpatients who visited the same hospital and same department. Basically, in hospital-based case-control study, only inpatients should be used as control, however in our study, a lot of inpatient have a disease associated with breast cancer (for example, benign thyroid, benign breast diseases and cataract) and therefore we could not collect suitable matching number of control among inpatients. In this case, it may give rise to a selection bias and a lack of comparability between cases and controls. Therefore, in the future study, community based case-control study also needed.
Owing to the retrospective design of the present study, recall bias is also a limitation. Therefore, interviewers complied with significant personal events to help recall of past food intake (individual event, domestic event etc.). And misclassification of exposure may have influenced the results. We used semiquantitative food frequency questionnaire method to measure usual fat and vitamin intake of subjects. From one validation study (42) , it was concluded that the questionnaire could satisfactorily rank subjects according to intake of nutrients and food groups. In this study, nutrient intake were estimated from the food-frequency questionnaire and calculated as amount per day.
Nutrient intake is often strongly correlated with total energy intake, therefore we analyzed the association of fat and vitamin intake with breast cancer risk using method of energy adjustment: the "residual" method suggested by Willett and Stampfer (43) . In this study, we calculated caloric adjusted value using 2,000 kcal for a constant value.
Finally, the issue of bias in this study arises owing to a limited number of cases and controls, therefore further study with a greater number of subjects should be conducted to investigate the breast cancer risk and dietary factor in Korean women.
In conclusion, we found no overall association between intake of total fat, fatty acid and breast cancer risk among Korean women, however, we observed the increasing trends according to the higher level of saturated fatty acid consumption. We found a significant reduction in breast cancer risk in association with the intake of antioxidant vitamin such as -carotene, and vitamin C. In future study, it will be interesting to analysis association between many fat subtype and breast cancer risk. Most of all, further comprehensive well constructed cohort study, is needed to assess dietary factor in relation to breast cancer of Korea women.
